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7KLVSDSHUGLVFXVVHVWKHXVHRIHYROXWLRQDQGPDLQWHQDQFHWHFKQLTXHVLQVFLHQWLILFZRUNIORZVFRQWH[W8VLQJYHUVLRQFRQWURODQG
GDWD SURYHQDQFH WHFKQLTXHV VWUDWHJLFDO LQIRUPDWLRQ FDQ EH FROOHFWHG DQG DQDO\]HG XVLQJ RQWRORJLFDO UXOHV:HSUHVHQW WKH(
6(&23UR9HUVLRQDSSURDFKVSHFLILHGLQWKHFRQWH[WRID6FLHQWLILF6RIWZDUH(FRV\VWHPQDPHG(6(&2(6(&23UR9HUVLRQ
LV DLPHG RI DFWLQJ DV D PHGLDWRU WR H[WUDFW PDLQWHQDQFH DQG HYROXWLRQ LQIRUPDWLRQ IURP GLIIHUHQW ZRUNIORZV UHSRVLWRULHV
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GHYHORSLQJKLJKSHUIRUPDQFHVROXWLRQVEDVHG IRUH[DPSOH LQ UHXVHGDWDPDQDJHPHQW DQGGLVWULEXWHGSURFHVVLQJ
FRQFHSWV ,VRODWHG H[SHULPHQWDO SURFHVVHV FRQFHQWUDWH WKH NQRZOHGJH RQO\ RQ WKH VFLHQWLVW WKDW LV FRQGXFWLQJ WKH






7KXV H[SHULPHQWDO SURFHVVHV WKDW XWLOL]H ZRUNIORZV RIWHQ VXIIHU IURP WKH SUREOHP RI ORVV RI NQRZOHGJH
FRQVLGHULQJWKDWWKHSURFHVVHGWDVNVDUHQRWJHQHUDOO\DGHTXDWHO\GRFXPHQWHG7KHWDVNVDUHVSHFLILHGLQ6:06V
WKDW LQPRVW FDVHV DUH OLPLWHG WRPDQDJH WKH H[HFXWLRQRI WKH VFLHQWLILFZRUNIORZ LVRODWHG IURP WKH H[SHULPHQW
+RZHYHUWRUHSUHVHQWDQGVXSSRUWWKHGHYHORSPHQWRIVFLHQWLILFH[SHULPHQWDGHTXDWHO\6:06QHHGVWRUHJLVWHUWKH
FKDQJHV LQ WKH DVVRFLDWHG ZRUNIORZV DV WKHVH ZRUNIORZV FDQ EH PRGLILHG GXULQJ WKH UHVHDUFK 7KH ORVV RI
LQIRUPDWLRQ DERXW FKDQJHV FDQ DOVR FDXVH D ODFN RI FRQWURO LQ FRQGXFWLQJ WKH H[SHULPHQW GXH WR WKH DEVHQFH RI
NQRZOHGJH DERXW WKH RULJLQ RI WKH GDWD JHQHUDWHG LQ WKH H[HFXWLRQ OLIH F\FOH 7KH LQH[LVWHQFH RU WKH IDLOXUH LQ
FDSWXULQJ WKLV LQIRUPDWLRQ PD\ DOVR FXOPLQDWH LQ WKH GLIILFXOW\ LQ LGHQWLI\LQJ WKH ZRUNIORZ WKDW JHQHUDWHG WKH
H[SHULPHQWRUPRUHVSHFLILFDOO\WKHYHUVLRQWKDWZRXOGHQDEOHREWDLQLQJPRUHFRQFLVHLQIRUPDWLRQDERXWLW
$FFRUGLQJ WR  WKH XVH RI LQGHSHQGHQW WRROV WR PDQDJH WKH H[SHULPHQW DQG WR DQDO\]H LWV GDWD LV QHFHVVDU\
FRQVLGHULQJWKDWWKHPDMRUSDUWRI6:06VGRQRWKDYHVXFKIXQFWLRQDOLW\,QWKLVFRQWH[WZRUNIORZVYHUVLRQFRQWURO
EDVHGRQ WKHPDLQWHQDQFHDQGHYROXWLRQ WHFKQLTXHVFDQEH LQWHJUDWHG LQWR WKHH[SHULPHQW OLIHF\FOHDV VKRZQ LQ





VRIWZDUH HYROXWLRQ DQGPDLQWHQDQFH IRU WKH VFLHQWLILF H[SHULPHQWDWLRQ FRQWH[W WKURXJK YHUVLRQLQJ DQG VLPLODULW\
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GHJUHHREWDLQHGZLWKGDWDSURYHQDQFHVXSSRUW7KHSDSHUSURSRVHVWKHGHYHORSPHQWRIDQDUFKLWHFWXUHIRUVFLHQWLILF
ZRUNIORZVHYROXWLRQDQGPDLQWHQDQFHDXWRPDWLFDOO\SURYLGLQJVWUDWHJLFLQIRUPDWLRQIRUVFLHQWLVWVWRPDNHGHFLVLRQV
UHODWHG WRH[SHULPHQWRU WRREWDLQDGGLWLRQDONQRZOHGJHDERXW LW7KLVDUFKLWHFWXUH LVQDPHG(6(&23UR9HUVLRQ
ZKLFKH[WHQGVWKH(6(&2DUFKLWHFWXUH
7KHSDSHUKDVILYHVHFWLRQVEHVLGHVWKHLQWURGXFWLRQ6HFWLRQSUHVHQWVWKHUHVHDUFKFRQWH[W6HFWLRQSUHVHQWV




FOLHQW IRU HUURUV FRUUHFWLRQ LPSURYHPHQW LQ SHUIRUPDQFH RU SURGXFW DGDSWDWLRQ WR D QHZ HQYLURQPHQW ,Q WKLV
FRQWH[W SUHVHQWV WKH /DZV RI 6RIWZDUH (YROXWLRQ ZKLFK DGGUHVVHV HLJKW DVSHFWV QRUPDOO\ REVHUYHG DW D
VRIWZDUHOLIHF\FOH6RPHRIWKHVHDVSHFWVFDQEHDSSOLHGLQWKHFRQWH[WRIPDLQWHQDQFHDQGHYROXWLRQRIZRUNIORZV
VXFKDVLWKH/DZRI&RQWLQXLQJ&KDQJHZKLFKVWDWHVWKDWDOOVRIWZDUHKDVWREHPRGLILHGFRQWLQXRXVO\RUZLOO
EHFRPH OHVV XVHIXO $SSO\LQJ WR WKH ZRUNIORZ FRQWH[W DV WKH UHVHDUFK DGYDQFHV ZRUNIORZV WHQG WR UHTXLUH
HYROXWLRQ WR NHHS XS XVHIXO IRU UHVHDUFK LL WKH /DZ RI ,QFUHDVLQJ &RPSOH[LW\ ZKLFK GHILQHV WKDW ZLWK WKH
SURFHVVRIHYROXWLRQWKHVWUXFWXUHWHQGVWREHFRPHPRUHFRPSOH[DQGUHTXLUHVPRUHDWWHQWLRQ7KXVDVDZRUNIORZ
LVH[SDQGHGLWVKRXOGEHRSWLPL]HGVRWKDWWKHUHLVQRGHJUDGDWLRQZLWKWLPHLLL7KH/DZRI&RQWLQXLQJ*URZWK
GHILQHV WKDW GXULQJ VRIWZDUH OLIH F\FOH LQFUHPHQWDO FKDQJHV DUH FRQVWDQW ,Q WKH FRQWH[W RIZRUNIORZV LW VKRXOG
HYROYHDVWKHUHVHDUFKHYROYHVZLWKQHZIXQFWLRQDOLWLHV
&RQVLGHULQJDQH[SHULPHQW OLIH F\FOH SURSRVHG WKHFUHDWLRQRI DQHZVWDJH FDOOHG WKHRSWLPL]DWLRQRI WKH






7KH GDWD SURYHQDQFH FDQ EH GLYLGHG LQWR SURVSHFWLYH DQG UHWURVSHFWLYH W\SHV $FFRUGLQJ WR SURVSHFWLYH
SURYHQDQFH FDSWXUHV WKH VWHSV WKDW PXVW EH IROORZHG LQ RUGHU WR JHQHUDWH D SURGXFW ZKLOH WKH UHWURVSHFWLYH
SURYHQDQFHFDSWXUHVWKHVWHSVSHUIRUPHGE\DFRPSXWDWLRQDOWDVNDVZHOODVWKHLQIRUPDWLRQDERXWWKHHQYLURQPHQW
7KURXJK D PRGHO WKDW VXSSRUWV WKH H[FKDQJH RI SURYHQDQFH LQIRUPDWLRQ LQ KHWHURJHQHRXV HQYLURQPHQWV LW LV
SRVVLEOH WRXVHSURYHQDQFHLQIRUPDWLRQDERXWHQWLWLHVDFWLYLWLHVDQGSHRSOHLQYROYHGLQSURGXFLQJDSLHFHRIGDWD
HQDEOLQJ WKHFHUWLILFDWLRQRITXDOLW\RU UHOLDELOLW\RIDQH[SHULPHQW2XUZRUNXVHV WKH3529SURYHQDQFHPRGHO
ZKLFKSURYLGHVVHYHUDOIRUPVRINQRZOHGJHUHSUHVHQWDWLRQZKLFKLVGHWDLOHGLQ6HFWLRQ
5HODWHG:RUNV









$Q DUFKLWHFWXUH IRU FRPSDULVRQ DQG JURXSLQJ RI SUHH[LVWLQJZRUNIORZV E\ VLPLODULW\ IRU WKH FRQVWUXFWLRQ RI
PDQ\H[SHULPHQWVE\PHDQVRIERWWRPXSDSSURDFKHV LVSUHVHQWHGLQ6LPL)ORZ$SRUWDOFDOOHG&ROODE&XPXOXV
DOORZV DFFHVV WR WKH FRQWHQW RI SURYHQDQFH UHSRVLWRU\ HQDEOLQJGDWD DQDO\VLV WKDW LV JHQHUDWHGRU FRQVXPHG7KH
VFLHQWLVWVKDYHDFFHVVWRDVHWRISURYHQDQFHUHSRVLWRULHVDQGWKH\FDQFRPPHQWFUHDWHGLVFXVVLRQWRSLFVDQGDQDO\]H
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$PRQJ WKH PDLQWHQDQFH W\SHV WKDW FDQ EH XVHG LQ D ZRUNIORZ ZH FDQ PHQWLRQ L &RUUHFWLYH FRUUHFWLYH




RI WKHZRUNIORZWKDW LVQRWDYDLODEOHVXFKDVZHEVHUYLFH7KLVPDLQWHQDQFH W\SHKDVWKHREMHFWLYH WRPRGLI\ WKH
ZRUNIORZLQRUGHUWRDOORZWKDWLWVXVHFRQWLQXHVDFWLYH7KHUHSODFHPHQWRIDVHUYLFHZLWKDQHZRQHZLWKWKHVDPH
IXQFWLRQDOLWLHV FDQ EH FLWHG DV DQ H[DPSOH LY 5HHQJLQHHULQJ WKH UHHQJLQHHULQJ PDLQWHQDQFH FDQ EH XVHG WR
ZRUNIORZ SURFHVV RSWLPL]DWLRQ 7KLV PDLQWHQDQFH W\SH GHSLFWV D FRQVWDQW VWHS LQ WKH ZRUNIORZ OLIH F\FOH DV
SURSRVHGE\,WLVLPSRUWDQWEHFDXVHLWHQDEOHVWKHHYDOXDWLRQRIZRUNIORZH[HFXWLRQHIILFLHQF\
7KH DGRSWLRQ RI D SURYHQDQFHPRGHO FRXSOHGZLWK WKH XVH RI RQWRORJ\ZKLFK XVHV LQIHUHQFH UXOHV 3URSHUW\
&KDLQV LQ 2:/  HDVHV WKH GLVFRYHU\ RI LQIRUPDWLRQ DERXW HYROXWLRQ DQG PDLQWHQDQFH RI D ZRUNIORZ
,QIRUPDWLRQVXFKDVLZRUNIORZHYROXWLRQDU\OLQHLLZLWKZKLFKRWKHUZRUNIORZVWKHVDPHWDVNVDUHVKDUHGLLL
ZKDWPRGLILFDWLRQVRFFXUUHGGXULQJWKHH[SHULPHQWDOF\FOHLYZKLFKW\SHRIH[SHULPHQWLVOLQNHGDQGZKRDUHLWV
GHYHORSHUV DPRQJ RWKHUV DUH XVHIXO IRU QHZ UHVHDUFKHUV RU HYHQ UHVHDUFKHUV ZKR KDG EHHQ XVLQJ WKH RULJLQDO
ZRUNIORZ$VDUHVXOWWKH\FDQOHDUQDERXWFKDQJHVDQGGHSHQGLQJRQWKHFRQWH[WPLJUDWHH[SHULPHQWWRWKHQHZ
YHUVLRQRIZRUNIORZ ,Q DGGLWLRQEDVHGRQ LQIRUPDWLRQREWDLQHGE\ WKH LQIHUHQFHVKHOGE\ WKHRQWRORJ\ RQH FDQ
LGHQWLI\IDXOWVRUFKDQJHVLQWKHWDVNVDQGYLHZDIIHFWHGZRUNIORZVLQFUHDVLQJWKHQHHGIRUPDLQWHQDQFHWRNHHSWKH
ZRUNIORZVXVHIXOIRUDUHVHDUFK
7KHDUFKLWHFWXUHRI(6(&23UR9HUVLRQ LVDQHYROXWLRQRI(6(&2DUFKLWHFWXUHZLWK WKHDGGLWLRQRI WZRQHZ
PRGXOHVDVSUHVHQWHGLQ)LJXUH7KHSURYHQDQFHPRGXOHLVUHVSRQVLEOHIRUFROOHFWLQJGDWDIURPWKHPRGHOLQJDQG
H[HFXWLRQ RI WKH ZRUNIORZ 7KHVH GDWD FRQWULEXWH L WR GHWHFW WKH QHHG IRU PDLQWHQDQFH RU HYROXWLRQ RI WKH
ZRUNIORZLLWRLQGLFDWHUXQWLPHHUURUVSHUIRUPDQFHSUREOHPVDQGWKHQHHGIRUQHZIXQFWLRQDOLWLHVRUGDWDIDLOXUHV
DW WKLUGSDUW\ VHUYLFHV 'DWD LV FDSWXUHG IURP D ZHE VHUYLFH FRXSOHG ZLWK D 6:06 DQG KDV WKH VXSSRUW RI DQ





'DWDEDVH PRGHOÁH[WHQGV (6(&2 UHODWLRQDO GDWDEDVH DQG 3529 SURYHQDQFH PRGHO ,QIRUPDWLRQ DERXW WKH
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VHW RI FODVVHV SURSHUWLHV DQG FRQVWUDLQWV WKDW FDQ EH XVHG WR UHSUHVHQW DQG H[FKDQJH SURYHQDQFH LQIRUPDWLRQ
JHQHUDWHGLQGLIIHUHQWV\VWHPVDQGFRQWH[WV+RZHYHU35292GRHVQRWH[SUHVVDOOUHTXLUHGNQRZOHGJHWRVXSSRUW
ZRUNIORZPDLQWHQDQFH DQG HYROXWLRQ 7KH H[WHQVLRQ RI 35292 DOORZHG WKH GLVFRYHU\ RI QHZ LQIRUPDWLRQ IRU
FDSWXUHSURVSHFWLYHDQGUHWURVSHFWLYHSURYHQDQFHRULJLQDO35292RQO\FDSWXUHVUHWURVSHFWLYHSURYHQDQFH7KLV
QHZ RQWRORJ\ GHYHORSHG LQ (6(&2 3UR9HUVLRQ FRQWH[W LV QDPHG 35292(;7 7KH XVH RI 35292(;7
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(6(&23UR9HUVLRQLQ$FWLRQ
$VPHQWLRQHG WKH(6(&23UR9HUVLRQSULPDULO\RSHUDWHV LQPRGHOLQJDQGH[HFXWLRQRI WKHH[SHULPHQWEHLQJ
SRVVLEOH WR DFFHVV ZRUNIORZV DQG VHUYLFHV UHSRVLWRULHV VXFK DV 0\([SHULPHQW %LR&DWDORJXH DPRQJ RWKHUV
&RQVLGHULQJWKHQXPEHURIWDVNVDQGWKHYHULILFDWLRQRIWKHWDVNVWKDWDUHXVHGLQDVSHFLILFZRUNIORZLWLVSRVVLEOH
WR GHWHFW RWKHU VLPLODU ZRUNIORZV $ VFLHQWLVW FDQ DOVR JHW LQIRUPDWLRQ DERXW IDLOXUHV LQ WDVNV WKURXJK WKH GDWD
FDSWXUHG GXULQJ H[HFXWLRQ DQG LQIRUPDWLRQ RI FKDQJHV WKDW RFFXUUHG EHWZHHQ YHUVLRQV RI D JLYHQ ZRUNIORZ














H[HFXWLRQ RI WKHZRUNIORZ KHOSLQJ WKH VFLHQWLVW RU WKH JURXS FRRUGLQDWRU WR LPSURYH H[SHULPHQW UHVXOWV DQG WR
LGHQWLI\IDLOXUHVRUSRLQWVWKDWQHHGWREHFRUUHFWHGODWHU)RUWKLV(6(&23UR9HUVLRQDUFKLWHFWXUHSURYLGHVDZHE
LQWHUIDFHVRWKDWWKHLQIRUPDWLRQDERXWHYROXWLRQDQGPDLQWHQDQFHFDQEHHDVLO\TXHULHGDQGDQDO\]HGFRQWULEXWLQJ
WR WKHHYDOXDWLRQRIGDWDSURGXFHG LQ WKHH[SHULPHQW$QH[DPSOHRI WKH LQWHUIDFHFRQWDLQLQJ LQIHUUHGZRUNIORZV
LQIRUPDWLRQXVLQJ35292(;7RQWRORJ\FDQEHVHHQLQ)LJXUH
)XUWKHUPRUHZLWKDLPRIYHULI\LQJWKHXVHRIGHVFHQWDSSURDFKHVWRWKHFRQVWUXFWLRQRIQHZZRUNIORZVZKLFK
JHQHUDWHV DQ HYROXWLRQDU\ OLQH LW ZDV DQDO\]HG D JURXS RI ZRUNIORZV RI D VFLHQWLVW IURP WKH P\([SHULPHQW
UHSRVLWRU\&RQVLGHULQJWKHVHGDWDDQH[DPSOHRI(6(&23UR9HUVLRQXVHLVSUHVHQWHGLQ)LJXUH$DQG%
%RWKZRUNIORZVZHUHFUHDWHGE\WKHVDPHVFLHQWLVWDQGDUHUHODWHGWRWKHVHDUFKIRULQIRUPDWLRQRQDPHGLFDOEDVLV


















IRU WKH H[SHULPHQW DQG IRUXVH E\RWKHU VFLHQWLVWV LQ VLPLODU UHVHDUFK FRQWH[W$QRWKHU LOOXVWUDWLYH H[DPSOH RI(
6(&23UR9HUVLRQXVH FRQVLGHULQJ WKHP\([SHULPHQW UHSRVLWRU\ LV DQZRUNIORZ WKDW KDV LQDFWLYH VHUYLFHV7KLV
LQFRQVLVWHQFHLVQRWGHWHFWDEOHRQP\([SHULPHQWUHSRVLWRU\7KLVLVVXHFDQFRQWULEXWHWRKLQGHUWKHZRUNIORZUHXVH
+RZHYHUZLWKKHOSRI(6(&23UR9HUVLRQLWFDQEHHDVLO\GHWHFWHG
$QRWKHU LPSRUWDQW VRXUFH WKDW FDQ KHOS WR LPSURYH WKH UHVXOWV LV KLVWRULFDO GDWD DERXW ZRUNIORZV 7KH XVH RI
RQWRORJLHVDQG LQIHUHQFHPHFKDQLVPVKHOS WRGHULYH LPSOLFLWNQRZOHGJHIRU WKH LPSURYHPHQWRI WKHHYROXWLRQDQG
PDLQWHQDQFHRIZRUNIORZVEXWLPSRUWDQWLQIRUPDWLRQFDQDOVREHGLVFRYHUHGIURPKLVWRULFDOGDWD&RQVLGHULQJWKLV
FRQWH[W RQH RI WKH SUREOHPV HQFRXQWHUHG LQ KLVWRULFDO DQDO\VLV RI VFLHQWLILF ZRUNIORZV DQG WKH SURSRVLWLRQ RI
LPSURYHPHQWVEDVHGRQWKHVHGDWDLVWKHODFNRIKLVWRULFDOGDWDEDVHV,QWKLVYHLQ(6(&23UR9HUVLRQLVSUHSDUHGWR
KDYHDQHYROXWLRQDQGPDLQWHQDQFHUHSRVLWRU\2XUSURSRVDO LVSUHSDUHGWRFRPELQHKLVWRULFDOZRUNIORZGDWDZLWK




LPSOHPHQWHG7KXV WKHQH[W VWHS LQ(6(&23UR9HUVLRQVSHFLILFDWLRQ LV WRSURYLGHDFFHVV WRH[LVWLQJZRUNIORZV
UHSRVLWRULHV LQRUGHU WRFDSWXUHKLVWRULFDOGDWDQHHGHGWRVXSSRUW WKHHYROXWLRQDQGPDLQWHQDQFHRIZRUNIORZV)RU
WKLVSXUSRVHEDVHGRQVHDUFKFRQGXFWHGLQWKHUHSRVLWRULHVDQGLQWKHOLWHUDWXUHWKHIROORZLQJLQIRUPDWLRQPXVWEH
FDSWXUHG IURP WKHVH UHSRVLWRULHV YHUVLRQ LQIRUPDWLRQ WDVN LQIRUPDWLRQ FUHDWLRQ LQIRUPDWLRQ PDLQWDLQDELOLW\
GHSHQGHQFHVDQGXVDJHLQIRUPDWLRQ
7KH H[WUDFWHG KLVWRULFDO GDWD FDQ EH XVHG LQ (6(&2 3UR9HUVLRQ LQ RUGHU WR PLQH QHZHU HYROXWLRQ DQG
PDLQWHQDQFHLQIRUPDWLRQUHODWHGWRDJLYHQZRUNIORZRULWVVHUYLFHV
&RQFOXVLRQ
7KH (6(&2 3UR9HUVLRQ LV DQ H[WHQVLRQ RI (6(&2 D ZHEEDVHG VRIWZDUH HFRV\VWHP GHVLJQHG WR VXSSRUW
UHVHDUFKHUV WR DFFRPSOLVK DFWLYLWLHV GXULQJ WKH RYHUDOO VFLHQWLILFZRUNIORZ OLIH F\FOH7KURXJK WKH FROOHFWLRQ DQG
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DQDO\VLV RI ZRUNIORZ H[HFXWLRQ GDWD LW LV SRVVLEOH WR EXLOG DQ HYROXWLRQ DQG PDLQWHQDQFH NQRZOHGJH EDVH
VXSSRUWLQJUHXVHDGDSWDWLRQDQGRSWLPL]DWLRQRIZRUNIORZV
&XUUHQWO\ (6(&2 3UR9HUVLRQ DOORZV VFLHQWLVWV WR FDSWXUH ZRUNIORZ GDWD DYDLODEOH YLD D ZHE VHUYLFH 'DWD
FROOHFWHGE\WKHDUFKLWHFWXUHDUHVWRUHGLQDGDWDEDVHZKLFKZDVPRGHOHGEDVHGRQWKH3529SURYHQDQFHPRGHO
DOORZLQJ TXHU\LQJ ZRUNIORZ GDWD 7KHVH GDWD IHHG 35292(;7 RQWRORJ\ ZKHUH VSHFLILF GRPDLQ UXOHV GHWHFW
LQIRUPDWLRQ DERXW WKH HYROXWLRQ DQG PDLQWHQDQFH RI D ZRUNIORZ DQG WKLV LQIRUPDWLRQ LV PDGH DYDLODEOH WR WKH
















 &DOODKDQ63)UHLUH -6DQWRV(6FKHLGHJJHU&(6LOYD&7	9R+70DQDJLQJ WKHHYROXWLRQRIGDWDIORZVZLWK9LV7UDLOV
,Q'DWD(QJLQHHULQJ:RUNVKRSV3URFHHGLQJVQG,QWHUQDWLRQDO&RQIHUHQFHRQ,(((S































 %XQHPDQ 3HWHU 6DQMHHY.KDQQD DQG 7DQ:DQJ&KLHZ :K\ DQGZKHUH$ FKDUDFWHUL]DWLRQ RI GDWD SURYHQDQFH'DWDEDVH 7KHRU\²
,&'76SULQJHU%HUOLQ+HLGHOEHUJ
